ABSTRACT
INTRODUCTION
Recently, much attention has been paid to studying the properties of liquid Na-polysulfides, because the sulfur electrode in the sodium-sulfur battery is thought to be important for an economical, long lasting, and high energy battery system /IA For proper design and practical use of these cells, it is important to have fundamental information on the properties of Na- 
METHOD
Three kinds of potentials are required for simulation of Na-polysulfides, i.e. S-S, Na-Na and Na-S potentials.
The potential of S-S interaction used is that of pure S proposed by Stillinger et al. 191 , in which a combination of two-atom (v 2 ) and three-atom (v 3 We have let 6>j ik stand for the angle at atom i where A=3.8097, a=l, ρ = 6, q = -1, a = 2.
The resultant particle distribution shows that some Na atoms closely approach each other and it appears physically meaningless. This may be attributed to the large difference in the potential depth between S-S pair and Na-Na pair. The potential of pure Na proposed by
Weber and Stillinger is considered to be too "soft" for Na-Na in Na-polysulfide. Therefore we replaced r by r -0.54 in the Na-Na potential in order to avoid such inconvenience by referring to the Huggins-Mayer diameter/14/.
The potential of the Na-S pair is not available to the best knowledge of the author, so that the Na-S potential was estimated from the Na potential by a method similar to that of Weber and Stillinger/15/ for liquid Ni-P system. Parameter α is determined as follows. The Na-Na distance in solid Na is 0.3659 nm, and the nearest Na-S distance in solid Na 2 S 4 is 0.2826 nm /16/.
Then, α is estimated to be:
High Temperature Materials and Processes
Na 2 S 4 , the ratio of the number of Na to S is:
We assume that the number of Na-S pairs are proportional to 2c(l-c), as given for a regular solution model. We also take the view that the regular solution model can be used for estimating the number of Na-S pairs in the clusters of Na 2 S 4 as the first approximation.
If we take the mean coordination number of Na 2 S 4 as 5, the effective number of Na-S pairs of Na 2 S 4 is:
Consequently, the Na-S bond dissociation energy par Na-S pair is estimated as follows:
The obtained Na-S potential (iVus is also shown in Fig-1 Parameter A should be related to the Na-S bond dissociation energy /17/. We estimate it from the partial molar differential enthalpy (/1H) of adding Na to the polysulfide melt /18/. In the formation of Na 2 S 4 , the following reaction may be accepted:
where AH is -47.6 kcal/mol (-1.99 χ 10 5 J/mol) independent of melt composition and temperature /18/.
However, the MD simulation with this value was found to induce an increase of about one thousand degree in the melting point of Na 2 S 4 . This is inconsistent with the fact that the melting point is 558K. for Na 2 S 4 /8/, and such disagreement may be reduced by using the energy par one Na-S pair in Na 2 S 4 . In the concentration of
Diffusion constant
The diffusion constant of liquid Na-polysulfides was calculated by EMD for a system of 540 particles, i.e. 
Shear viscosity by NEMD
The NEMD method for the shear viscosity used in this work is essentially similar to that of Koishi et al. 
RESULTS AND DISCUSSION
The obtained partial pair distribution functions by 
1251.
On the other hand, the bond angle distribution for S-S-S atoms has a maximum around 63°and there is a tail to larger bond angles. These results may suggest that the S s structure or S x chain seen in solid Na-polysulfides still exist in the liquid state, though they are likely distorted by thermal vibration. Fig. 7 shows the typical atomic configuration obtained in the present simulation.
It is rather stressed here that some chain structure of S is detected.
(a) 
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Vol. 20, Nos. 5-6, 2001 Molecular Dynamics Simulations in Liquid Να-Polysulfides them. Then, the hopping of S is one possible way to explain the diffusion mechanism of S in liquid Napolysulfide as reproduced by EMD to some extent. EMD enables us to provide information about temperature dependence of self diffusion constant of S in liquid Na 2 S 4 .
The ω dependence of the dynamical viscosity η{ω) by NEMD at 846K is shown in Fig. 10 
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